Analyses of water samples taken by means of an in-hole sampler generally show good agreement with analyses of samples collected by routine shipboard squeezing techniques. At Sites 438 and 439, a decrease in salinity with depth is related to former freshwater flow from an aquifer that crops out at an anticline on a deep sea terrace between Japan and the top of the trench slope of the Japan Trench. This former subaerial recharge suggests significant late Cenozoic subsidence of the terrace, because it now lies at a water depth of 1500 meters. Samples from the trench slope at Site 440 have extremely high values of alkalinity and ammonia, presumably because of a favorable combination of high sedimentation rate and organic carbon content. Diagenetic conditions on the trench slope favor formation of the Fe-Mg carbonate mineral, ankerite; at Site 440 it first occurs at a depth below the sea floor of only 29 meters in late Pleistocene strata. Undissolved diatoms persist to relatively great depth at the sites of Leg 57 because of a low geothermal gradient caused by subduction. Secondary silica lepispheres first appear at 851 meters at the most landward and warmest site, Site 438, in strata 16 million years old with an ambient temperature of 31 °C.
SAMPLING AND ANALYTICAL PROCEDURES
During Leg 57 (Figure 1 ), samples of interstitial water were collected at all of the sites by standard shipboard squeezing techniques and at Sites 438 and 440 by means of the IPOD in-hole sampler, which collects both water for chemical analysis in a stainless steel tubular coil and water for gas analysis in a connected copper coil (Barnes et al., 1979) . The in-hole sampler was used to a depth below the sea floor of 449 meters at Site 438 and 235 meters at Site 440. In this chapter we present results of shipboard chemical analyses and subsequent analyses carried out in the laboratory of J. M. Gieskes at Scripps Institution of Oceanography. Analytical methods follow those described by Gieskes (1974) , with minor modifications.
Shipboard in-hole data on pH, alkalinity, chlorinity, calcium, and magnesium (except Mg from Site 438) generally show good agreement with the samples obtained by routine shipboard squeezing techniques (Tables 1  and 2 ; Figures 2 and 3). The shipboard results for the inhole samples of Site 438 show large differences for magnesium between these in situ samples and those obtained from routine shipboard squeezing methods. We reanalyzed in-hole sample splits stored in copper tubes provided by Dr. R. Barnes by atomic absorption spectroscopy to investigate this discrepancy. The new results indicate good agreement with shipboard squeezings. Thus it is possible that the shipboard results for magnesium from the in-hole sampler are in error, although no reason is apparent to explain the discrepancy.
The results for ammonia and silica were obtained from the overflow water of the in-hole sampler and had to be corrected for dilution by distilled water. Agreement for Site 438 with routinely collected samples is good (Figure 2 ), but for Site 440 the agreement is poor. This can be explained by larger amounts of copper in the overflow water due to the corrosive nature of the high-alkalinity pore water at Site 440. Copper ions interfere with the colorimetric determination of ammonia and silica.
In general, however, we conclude that the in-hole samples essentially confirm the validity of the interstitial water sample data collected by routine squeezing, even for the minor constituents, silica and ammonia. This is in agreement with the conclusions of Barnes and others (1979) .
SALINITY DECREASE WITH DEPTH
An interesting phenomenon at Sites 438 and 439 (water depth about 1600 m) is a downhole decrease in salinity and chlorinity. The chlorinity at the deepest sample at Site 438 is only about 50 per cent of that of seawater. These data imply that fresh water has been advected to the sites from an outcrop area.
A possible source of fresh water is through sandstone and conglomerate layers in the deeper strata of the sites. Because boulders in the conglomerate are very large, (after Honza et ai, 1978) . Submarine contours in meters.
however, both conglomerate and sandstone are probably local deposits and do not extend all the way to the shoreline 150 km to the west. Therefore the freshwater recharge area is ancient -probably a submerged outcrop area near the sites. The submarine geologic map shows an anticlinal area of Miocene and Pliocene sea floor outcrops with an area of about 1000 km 2 centered about 20 km northwest of the sites (Figure 1 ). Data from reflection profiles and dredged rocks indicate that erosion continued until about the end of the Pliocene (Honza et al., 1978) . At the present time, the deep sea terrace, including the recharge area, lies at a water depth of about 1500 meters. The measured salinity gradient at Sites 438 and 439, which records fossil conditions, shows that the erosion was subaerial and hence that very rapid subsidence has been occurring in this area above the Japan Trench since the freshwater recharge ceased.
HIGH ALKALINITY AND AMMONIA
Site 438 and adjacent Site 439 consist mainly of clayey-sandy sediment with an appreciable content of diatom remains. Organic carbon content averages 0.5 per cent, and sulfate reduction is essentially complete within the first 100 meters of sediment. Methane production is important at this site. This process is accompanied by the production of ammonia, leading to an ammonia maximum of about 4 mM at about 200 meters.
As a result of the large increase in alkalinity, calcium carbonate precipitates, as reflected in a minimum dissolved calcium at about 100 meters. Dissolved magnesium appears to be consumed throughout the sediment column, in part by uptake in silicate minerals that form during silica diagenesis (Johnson, 1976) . Identification of such newly formed silicate minerals is hampered, however, because of high dilution by similar detrital minerals.
Site 440 (water depth 4509 m) is characterized by a rapidly deposited Pleistocene sediment section, with a deposition rate of about 20 cm/1000 years. Dissolved sulfate is depleted within the upper 50 meters of sediment, and below this level diagenesis leads to high levels of methane in core gas pockets. The sulfate reduction is accompanied by very high alkalinity values, up to 92 meq/L. These high values must be partly a result of ammonia formation during the biogenic methane production processes. A maximum of 8.2 mM NH 4 + is observed to coincide with this alkalinity maximum. If one assumes that alkalinity produced during sulfate reduction, when properly corrected for calcium carbonate precipitation, is about 40 meq/L, it follows that at least 52 meq/L of ammonia must have been produced during the methane production processes. If only 8 mM of NH 4 + remains in the pore fluids, about 32 meq/L of ammonia must have been lost, perhaps on clay mineral exchange sites, as has been found to occur in reduced sediment by Hartmann and others (1973) . The most likely ions to be displaced are Na + , K+, and Mg 2 + (Sayles and Mangelsdorf, 1977) . Such exchange with NH 4 + is suggested by the increase in concentration of dissolved Mg in the upper 200 meters at Site 440. Unfortunately we could not obtain reliable data on dissolved sodium and potassium to confirm this interpretation, but a comparison with results from rapidly deposited radiolarian-rich nanno ooze at Site 262 in the Timor Trough (Cook, 1974) suggests that sodium and potassium, in addition to magnesium, must also be released to the interstitial water. As a result of these exchange processes and the formation of bicarbonate, the total dissolved solids (Salinity, Table 1 ) increases with depth in the upper section of Site 440. This increase also was observed by Cook (1974) at Site 262.
Observations of such high alkalinity and ammonia content are relatively rare in marine sediments and thus far have been made at only two DSDP sites-262 and 440. A unique combination of high sedimentation rate and relatively high organic carbon content (associated with microfossil ooze) appears to be required to maintain the alkalinity and ammonia values at such high levels. At lower sedimentation rates, alkalinity and ammonia tend to decrease or be absent because of diffusional exchange with the overlying and underlying sediment layers (Gieskes, 1975) .
SECONDARY CALCITE AND ANKERITE
The conditions which led to the high alkalinity at shallow depth below the sea floor at Site 440 also led to the formation of fine-grained chalky secondary carbonate minerals as identified by X-ray diffraction (Table 3) . The most notable mineral in this assemblage is ankerite, Ca (Fe, Mg) (CO 3 ) 2 . Ankerite generally forms in a reducing environment where iron activity is high; for example, it commonly exists as veins in the cleat of coal beds (Soong and Gluskoter, 1977) . Boles (1978) has found it in pyrite-bearing Eocene marine sedimentary rocks in Texas. A main factor in the origin of the ankerite in these cores seems to be strongly reducing conditions in the strata. At Site 440, as much as 140 parts per million H 2 S was measured aboard ship in the uppermost cores, mackinawite (FeS) occurs from 26 to 160 meters below the sea floor, and the organic carbon content averages 0.7 per cent.
The evidence from this study indicates that ankerite forms by reaction with calcite at low temperature under conditions of very high Fé 2+ activity. Probably ankerite occurrences in cores far below the sulfate-reducing zone 
SILICA MINERAL TRANSFORMATIONS
Dissolved silica analyses scatter around 500 µM, a typical value for material containing both clay minerals and biogenic silica. Diatoms exist to a greater depth in Leg 57 holes than in many other Deep Sea Drilling Project holes because the geothermal gradient is low, especially in the holes on the trench slope, probably because of subduction of cool material below the sites.
At both Site 440 (deepest core 808 m) and Site 441 (deepest core 671 m) on the trench slope, diatom frustules occur to the base, and we found no secondary silica minerals at these sites by scanning electron microscopy controlled by X-ray fluorescence spectroscopy. At Sites 438 and 439 on the deep sea terrace above the trench slope, the cores first contain embryonic secondary silica lepispheres at a depth of 851 meters (middle Miocene), and they contain secondary quartz below an unconformity at a depth of 1149 meters (Upper Cretaceous).
The diatomaceous strata contain an average of about 15 per cent biogenic silica. The silica lepispheres are about 4 µm in diameter (Figure 4) , and, as in the case of many other examples found by the Deep Sea Drilling Project, they occur in close association with diatoms, commonly nestled individually within the pores of diatom frustules.
Microscopy shows that the transformation of diatoms into silica lepispheres and then into quartz in the cores of Leg 57 involves dissolution and reprecipitation at each stage. The materials occur in a sequence of decreasing solubility in which each phase provides material to solution so as to form the more stable phase that follows it.
Because the silica mineral phases in diatoms and in silica lepispheres have very small crystallite sizes with respect to the wave length of X-rays, X-ray diffraction spacings are difficult to characterize precisely. Also, crystallite shapes that are systematic with respect to lattice orientations reduce or increase the diffraction from certain spacings.
Diatoms diffract over a broad <i-spacing range of 4.0 to 4.5 Å, and silica lepispheres diffract mainly at 4.1 A, the principal spacing for α-cristobalite and the secondary one for α-tridymite.
The term opal-A has been applied to diatoms and the term opal-CTto silica lepispheres, and the necessary decrease of solubility within the sequence has been ascribed to lattice disorder and to interlayering of cristobalite and tridymite in opal-CT (Jones and Segnit, 1971) . Other investigators have proposed, however, that tridymite may be the only mineral in opal-CT, on the basis of its infrared spectrum and the fact that especially large crystallites on the surfaces of some lepispheres have been characterized by electron diffraction as tridymite (Wilson et al., 1974) .
The decreasing order of solubility of the minerals is cristobalite, tridymite, and quartz (Tuttle and England, 1955; Fournier, 1973) . Hence if diatoms are composed of extremely fine-grained cristobalite and if silica lepispheres are composed of tridymite, a rational sequence results. The X-ray diffraction related to tridymite's main ^/-spacing of 4.3 Å may be relatively suppressed over that of 4.1 A, which tridymite shares with cristobalite, because systematically oriented slender radial pyramidal crystallites in the lepispheres are elongated so as to enhance diffraction related to the spacing of 4.1 A.
The rate of transformation of diatoms into silica lepispheres near the Japan Trench matches well with that ascertained by Hein and others (1978) in the Bering Sea. A natural temperature of 32 °C measured at a depth of 862 meters below the sea floor in Hole 438A (Figure 5 ), when combined with a sea floor temperature of 1 °C, gives an average geothermal gradient of 3.6°C/100 m. Hence the natural temperature of the strata at 851 meters containing the highest lepispheres at Site 438 is 31 °C. When combined with the 16-Ma age of the strata, this point plots very close to a diatom to lepisphere kinetic boundary based on a least-squares average of the data presented by Hein and others (1978) . A graph of geologic age to temperature for the cores at Sites 438 and 439 (Figure 6 ) illustrates how the cores range from the diatom, through the silica-lepisphere, to the quartz fields. Hence the data from Leg 57 confirm the accuracy of this silica geothermometer in reconstructing the temperature history of sequences of sedimentary rocks that contain siliceous microfossils. (Lachenbruch et al., 1966) . Open circle diatom to lepisphere data points after Hein and others (1978) . The two solid circles on the irregular line representing the cores mark the shallowest silica lepispheres and authigenic quartz, respectively.
